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Changing t h e  minimum s i z e  r e g u l a t i o n  i n  t h e  sp iny  l o b s t e r  f i s h e r y  
i n  t h e  Northwestern Hawaiian I s l a n d s  from carapace l e n g t h  t o  t a i l  w id th  
r e q u i r e d  a s t a t i s t i c a l  r e l a t i o n s h i p  t o  be determined, b u t  t h i s  was com- 
p l i c a t e d  w i t h  problems i n  f i n d i n g  a n  accep tab le  t a i l  w id th  measurement 
s i t e .  Data were c o l l e c t e d  on bo th  government r e s e a r c h  c r u i s e s  and by 
obse rve r s  on commercial v e s s e l s .  Funct iona l  r e g r e s s i o n  equa t ions  were 
f i t  t o  t a i l  wid th  and carapace l e n g t h  f o r  females ,  males, and both  
sexes combined. The r e l a t i o n s h i p  f o r  females  was e s t ima ted  t o  be 

TW3 = 3.40228 + 0.6361 * CL 

where the  former minimum s i z e  of 77 mm CL i s  equal  t o  52 mm TW3. 



INTROIKf<ZTION 

During the development of t h e  f i s h e r y  management p l a n  f o r  t h e  
Northwestern Hawaiian I s l a n d s  (NWHI) l o b s t e r  f i s h e r y ,  t he  Western P a c i f i c  
Regional F ishery  Management Council  (Counci l )  dec ided  t h a t  t h e  f i s h e r y  
would be managed us ing  a minimum s i z e  r e g u l a t i o n  f o r  t he  spiny l o b s t e r ,  
Panu l i rus  marainatus ,  which was based on t h e  r ep roduc t ive  b io logy  of  
females and designed t o  p r o t e c t  egg product ion.  I n i t i a l l y  the  minimum s i z e  
was s e t  a t  7.7 cm carapace l e n g t h  (CL), b u t  t h i s  l i m i t  was augmented be fo re  
the  f i s h e r y  management p l a n  was a c t u a l l y  put  i n t o  e f f e c t  t o  inc lude  a t a i l  
w id th  measurement f o r  use by the  Nat iona l  Marine F i s h e r i e s  Serv ice  (NMFS), 
Southwest Region (SWR) enforcement o f f i c e r s .  T h i s  change was made because 
t h e  f i s h e r s  began landing  f r o z e n  t a i l s  i n  a d d i t i o n  t o  l i v e  l o b s t e r s .  Th i s  
new t a i l  wid th  (TW1) was de f ined  a s  " the  s t r a i g h t  l i n e  d i s t a n c e  between t h e  
l a t e r a l  notches on t b e  f i r s t  t a i l  segment." The TW1 equ iva len t  t o  7.7 cm 
CL was e s t ima ted  a s  5 . 0  cm through l i n e a r  r e g r e s s i o n  techniques.  However, 
d i sc r imina te  a n a l y s i s  of t y p i c a l  l and ings  of  l e g a l  l o b s t e r s  showed t h a t  15% 
could have a W 1  ( 5 . 0  cm and >4.5 cm.= Thus, t he  minimum s i z e  r e g u l a t i o n  
was de f ined  a s  7.7 cm CL, but  allowed use of a minimum TW1 of 5 . 0  cm w i t h  a 
t o l e rance  of 15% of  the  l and ing  between 5 . 0  and 4.5 cm. 

The SWR enforcement o f f i c e r s  experienced a number of problems in 
enforc ing  t h i s  minimum s i z e  r e g u l a t i o n .  F i r s t ,  t h e  l a t e r a l  notch i s  some- 
t imes broken making i t  impossible t o  take t h e  measurement. Second, i c e  
tends t o  form a t  t h i s  l o c a t i o n ,  and t a i l  meat o c c a s i o n a l l y  becomes fo lded  
over t he  l a t e r a l  notches and f rozen .  T ~ u s ,  t o  measure t a i l  wid th ,  the 
product must e i t h e r  be d e f r o s t e d  o r  t he  i c e  o r  f r o z e n  meat must be broken 
away from t h e  l a t e r a l  notches;  n e i t h e r  a l t e r n a t i v e  i s  p r a c t i c a l .  Third,  i t  
h a s  proven d i f f i c u l t  i f  no t  impossible  t o  determine whether 15% of the  
landed t a i l s  f a l l  between a Tlfl of 5 .0  and 4.5 cm because of sampling 
problems. S p e c i f i c a l l y ,  it h a s  proven v e r y  d i f f i c u l t  t o  take  a random 
sample from a l a r g e  ca tch  s t o r e d  i n  seve ra l  ho lds ,  and the occurrence of 
nonrandom capture  and s to rage  ( s o r t i n g )  of the  product  r e l a t i v e  t o  t a i l  s i z e  
f u r t h e r  complicate s the  problem. 

Therefore ,  t h e  SWR reques ted  t h a t  t h e  NMFS Southwest F i s h e r i e s  Center 
(SWFC) recommend a new t a i l  w id th  measurement and a minimum s i z e  based only 
on t h e  new t a i l  width.  Based on d i s c u s s i o n s  w i t h  t h e  SWR enforcement o f f i -  
ce r s ,  a new s i t e  (TW2) f o r  measuring the t a i l  w i d t h  was s e l e c t e d ,  namely t h e  
s t r a i g h t  l ine  d i s t a n c e  a c r o s s  t h e  t a i l  a t  two orange-colored p i t s  l o c a t e d  
between t h e  f i r s t  and second abdominal segments. T h i s  measurement i s  essen- 
t i a l l y  a c r o s s  t h e  narrowest spot  between t h e  f i r s t  and second t a i l  segments. 

IPolovina,  J. J., and D. T. Tagami. 1981. A procedure t o  c l a s s i f y  
sp iny  l o b s t e r s  a s  l e g a l  o r  sub lega l  based on t a i l  widths .  Nat l .  Mar. Fish.  
Serv. , N O M ,  Honolulu, Hawaii. Southwest Fish.  Cent. Admin. Rep H-81-3. 
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Samples were c o l l e c t e d  on t h e  NOAA s h i p  Townsend Cromwell i n  conjunc- 
t i o n  w i t h  sp iny  l o b s t e r  escape v e n t  r e sea rch  be ing  conducted a t  Necker 
. Is land and Mar0 Reef i n  October 1984. R e s u l t s  of t h e  a n a l y s i s  of  these  da ta  
were r e p o r t e d  t o  the  SWR by the  SWFC Honolulu Labora tory  in November 1984. 
Since the  l e g a l  minimum carapace l e n g t h  f o r  sp iny  l o b s t e r  (7.7 cm C L )  was 
based on t h e  reproduct ive  b io logy  of female l o b s t e r ,  a l i n e a r  f u n c t i o n a l  
r e l a t i o n s h i p  was e s t a b l i s h e d  between t h e  new t a i l  w id th  measurement (nV2) 
and the carapace  l e n g t h  f o r  females.  Th i s  r e l a t i o n s h i p  was the  b a s i s  f o r  a 
new spiny l o b s t e r  minimum l e g a l  s i z e ,  TW2 = 5.0 em, recommended by the  SWFC 
Honol u l  u Labor a t o  ry . 

During t h e  next  meet ing of t h e  Council i n  December 1984, t h e  SIR recom- 
mended t h e  adop t ion  of t h e  TW2 a t  5.0 cm as  the  s o l e  d e f i n i t i o n  of  l e g a l  
s i z e  and t h e  r e sc ind ing  of t he  15% t o l e r a n c e  f a c t o r  f o r  unders ized  l o b s t e r s .  
Indus t ry  r e p r e s e n t a t i v e s  argued t h a t  adopt ion  of t h e  5 . 0  cm TW2, based on 
female l o b s t e r ,  would r e s u l t  i n  reduced l and ings  because males have th inne r  
t a i l s  which would not be f a i r .  In a d d i t i o n ,  i n d u s t r y  r e p r e s e n t a t i v e s  argued 
t h a t  t he  length-width r e g r e s s i o n  was based on a r e l a t i v e l y  small  sample (348 
l o b s t e r s )  from only two i s l a n d s .  Based on a f u n c t i o n a l  r e g r e s s i o n  f o r  
combined male and female samples from Necker I s l a n d  and Maro Reef (SWFC 
November 1984 r e p o r t  t o  t he  SWR), a minimum TW2 s i z e  of 4.8 cm w i t h  no 
t o l e rance  f a c t o r  was agreed  upon for a 90-day (emergency) t r i a l  per iod ,  and 
indus t ry  r e p r e s e n t a t i v e s  agreed  t o  c a r r y  SWFC o b s e r v e r s  aboard t h e i r  boa t s  
t o  c o l l e c t  a d d i t i o n a l  samples t o  improve the  e s t ima te .  Th i s  r e g r e s s i o n  was 
based on 849 da ta  p o i n t s  and y i e l d e d  a TW2 e s t i m a t e  of 48.6 mm a s  equal  t o  
77.0 mm CL. 

A f t e r  a d d i t i o n a l  c o n s u l t a t i o n  w i t h  t h e  SWR enforcement o f f i c e r s ,  a 
s l i g h t  m o d i f i c a t i o n  was made f o r  a new s i t e  f o r  t a i l  wid th  measurement t o  
a l low use of measurement t empla t e s  cu t  from aluminum s tock  r a t h e r  than  
c a l i p e r s .  Th i s  new measurement, TW3, i s  now d e f i n e d  as " the  s t r a i g h t  l i n e  
d i s t ance  a c r o s s  t h e  t a i l  measured a t  the  wides t  spot  between t h e  f i r s t  and 
second abdominal spines ."  The owners of the  FV Alaska Gulf and t h e  FV Kona 
- Kai agreed t o  c a r r y  an  SWFC obse rve r ,  bu t  t h e  owners of  t h e  FV L a s t v  and t h e  
FV Bountv i n d i c a t e d  they had i n s u f f i c i e n t  bunk space,  and the  owner of t he  
FV Magic Dravon s a i d  t h e  boa t  could  not  c a r r y  an  observer  on t h e  upcoming 
c r u i s e  because of a complete change i n  crew. Roy L. Bendel l ,  SWFC observer ,  
depar ted  on 30 Apri l  on t h e  Alaska Gulf and r e tu rned ,  due t o  equipment 
f a i l u r e ,  on 29 May 1985; t he  v e s s e l  f i s h e d  o f f  Maro Reef. He depar ted  a g a i n  
on 18 June, bu t  r e t u r n e d  on 11 J u l y  1985 because t h e  v e s s e l  r e t u r n e d  t o  Maro 
Reef, r a t h e r  t han  o t h e r  f i s h i n g  grounds, a s  planned. Because of t h e  l i m i t e d  
d a t a  from t h e  second c r u i s e  and because d a t a  from only  t h e  f i r s t  c r u i s e  were 
nsed i n  provid ing  informat ion  t o  t h e  Council, d a t a  from the second c r u i s e  
have not been inc luded  i n  t h e  a n a l y s e s  p re sen ted  i n  t h i s  r e p o r t .  Vic tor  A. 
Honda, SWFC observer ,  depa r t ed  on 20 A p r i l  1985 on t h e  Kona Kai and spent  67 
days c o l l e c t i n g  d a t a  a t  Gardner P innac les ,  Ra i t a  Bank, and P e a r l  and Hermes 
Reef. 

METBODS 

The SWFC obse rve r s  on t h e  commercial v e s s e l s  c o l l e c t e d  da ta  on carapace 
l e n g t h  and the new t a i l  w id th  measurement (TW3) by sex  and by s p e c i e s  of 
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l o b s t e r  every o t h e r  day. The a l t e r n a t e  days were spent  c o l l e c t i n g  counts  of 
the ca t ches  of sp iny  and s l i p p e r  l o b s t e r s .  

"Funct iona l ,u  r a t h e r  t han  t h e  usual  " p r e d i c t i v e "  r e g r e s s i o n s ,  were f i t  
t o  TW2 ( f o r  Cromwell d a t a )  or TW3 ( f o r  da t a  c o l l e c t e d  by the o b s e r v e r s  on 
t he  commercial v e s s e l s )  on tX f o r  males, females,  and both  sexes  combined 
for each i s l a n d  f i shed .  Funct iona l  r e g r e s s i o n  i s  a p p r o p r i a t e  when the 
v a r i a b i l i t y  of two v a r i a t e s  i s  completely n a t u r a l  and t h e r e  i s  no l o g i c a l  
causa l  e f f e c t  between t h e  v a r i a t e s  (Ricker  1973).  P r e d i c t i v e  r e g r e s s i o n  i s  
appropr i a t e ,  of course,  when changes i n  one of t h e  v a r i a t e s  ( t h e  independ- 
e n t )  causes  changes i n  the o t h e r  v a r i a t e  ( t h e  dependent) and the  v a r i a b i l -  
i t y  of t h e  independent v a r i a b l e  i s  due s o l e l y  or p r i m a r i l y  t o  sampling, and 
t h a t  f o r  the  dependent v a r i a b l e  i s  p r i m a r i l y  n a t u r a l  w i t h  small sampling or 
measurement e r r o r .  For in s t ance ,  t h e r e  i s  a cause and e f f e c t  r e l a t i o n s h i p  
between a c l a s s i c a l  t rea tment  f a c t o r  and response  f a c t o r  i n  a n  experiment.  

The model f i t  t o  t h e  da t a  i s  

TW = U + V * CL, 

where U i s  t h e  f u n c t i o n a l  i n t e r c e p t  and V i s  t h e  f u n c t i o n a l  s lope.  V i s  
sometimes c a l l e d  t h e  " i n i t i a l  growth cons tan t"  a l though i t s  b i o l o g i c a l  
meaning i s  not  we l l  def ined ,  U h a s  no b i o l o g i c a l  meaning. Th i s  model i s  a 
s p e c i a l  case of t h e  gene ra l i zed  a l l o m e t r i c  model, 

T w = v * c L "  , 

where a, the  c o e f f i c i e n t  of a l lomet ry ,  equa l s  one. Th i s  imp l i e s  t h a t  the  
geometric growth r a t e s  of t a i l  weight  and carapace  l e n g t h  a r e  equal  and 
cons tan t .  The i n t e r c e p t ,  U, i s  inc luded  because p l o t s  of t h e  da t a  i n d i c a t e d  
t h a t  a r e g r e s s i o n  l i n e  would not  pas s  through the  o r i g i n .  Although t h i s  
c l a shes  w i t h  i n t u i t i o n ,  i t  i s  i n  f a c t  common when f i t t i n g  t h e  model t o  da t a  
c o l l e c t e d  from animals  i n  t h e  l a s t  of s eve ra l  growth s t ages  (Simpson e t  a l .  
1960).  

Although t h e  design of t he  experiment c a l l e d  f o r  combining a l l  of t he  
i s l a n d  and v e s s e l  d a t a  f o r  a pooled e s t ima te ,  we c a l c u l a t e d  a n  a n a l y s i s  of 
covariance and B a r t l e t t ' s  t e s t  o f  homogeneity of v a r i a n c e  t o  determine 
whether t h e r e  would be any s t a t i s t i c a l  q u a l i f i c a t i o n s  i n  doing so. The 
a n a l y s i s  of covariance is not  s t r i c t l y  v a l i d ,  s i n c e  i t  p e r t a i n s  t o  predic-  
t ive  r eg res s ions .  Although s t a t i s t i c a l  d i f f e r e n c e s  found may not  be r e a l ,  
t h e  a n a l y s i s  provides  guidance i n  i n t e r p r e t a t i o n  of  t h e  r e s u l t s .  To a s s i s t  
i n t e r p r e t a t i o n ,  95% symmetrical confidence i n t e r v a l s  about  t he  f u n c t i o n a l  
r eg res s ions  were c a l c u l a t e d  f o r  s e l e c t e d  r e s u l t s .  ?.his t o o  i s  not  com- 
p l e t e l y  v a l i d  because the  c a l c u l a t e d  confidence i n t e r v a l s  a re  symmetrical ,  
whereas, they should be asymmetrical  a s  viewed from e i t h e r  t h e  x o r  y axes. 

S t a t i s t i c s  from the October  1984 Cromwell c r u i s e  (TC-84-06) a re  pre- 
sen ted  f o r  comparative purposes,  bu t  not i nc luded  i n  t h e  f i n a l ,  i s land-  
pooled r e s u l t s  which c o n s i s t  only of the obse rve r  da ta .  Since t a i l  w id th  
was measured a t  d i f f e r e n t  s i t e s  on t h e  Cromwell and commercial v e s s e l  
c r u i s e s ,  t he  f u n c t i o n a l  r e g r e s s i o n  i n t e r c e p t s  should be d i f f e r e n t :  t h i s  
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would i n d i c a t e  i n  t u r n  t h a t  t h e  r e g r e s s i o n  l i n e s  a r e  s t a t i s t i c a l l y  d i f -  
f e r e n t ,  whether t he  s lopes  a r e  t h e  same or not.  

RESULTS AND DISCUSSION 

Since a s i n g l e  curve f o r  t h e  r e l a t i o n s h i p  between TW3 and CL f o r  t he  
NVHI f i s h e r y  i s  needed f o r  management purposes ,  the  da t a  c o l l e c t e d  on t he  
Alaska Gulf and t h e  Kona Kai a t  Gardner P innac le s ,  Rai ta  Bank, Maro Reef, 
and P e a r l  and Hennes Reef were combined. Then, t h e  a l l o m e t r i c  c o e f f i c i e n t s  
were computed f o r  females,  males, and both sexes  combined (Table  1-11. For 
comparative purposes ,  the  computed v a l a e s  f o r  TWZ on CL f o r  Cromwell d a t a  
c o l l e c t e d  a t  Neoker I s l a n d  and Maro Reef a r e  p re sen ted  i n  Table  1-11. The 
p l o t s  of the d a t a  f o r  males,  females ,  and bo th  sexes  combined (F igs .  l A ,  2A, 
and 3A) show what appears  t o  be l i n e a r  r e l a t i o n s h i p s  between TW3 and CL. 
Although the  o u t l i e r s  no ted  on t h e s e  f i g u r e s  appear  t o  be merely transpo- 
s i t i o n s  of t he  TW3 and CL measurements, they  were e l imina ted  from the  s ta-  
t i s t i c a l  a n a l y s i s .  The p l o t s  of t h e  r e s i d u a l s  from t h e  f i t t e d  f u n c t i o n a l  
r e g r e s s i o n s  (F igs .  l B ,  2B, and 3B) show reasonably  even bands about  t h e  z e r o  
l i n e s ,  which impl i e s  normal i ty  of t h e  r e s i d u a l s  which i n  t u r n  i n d i c a t e s  t h a t  
t he  model f i t s  t h e  data .  The wors t  f i t  occur red  f o r  t he  combined sexes  
where the sma l l e s t  l o b s t e r s  (CL) had most ly  p o s i t i v e  r e s i d u a l s  whereas the 
l a r g e s t  had only  nega t ive  r e s i d u a l s .  Since a l l  of t he  l a r g e s t  l o b s t e r s  were 
males, t h i s  r e s u l t  sugges t s  t h a t  i t  may not  be s t a t i s t i c a l l y  v a l i d  t o  coni- 
b ine  male and female da ta  i n  t h e  ana lys i s :  bu t  of course t h i s  must be done 
f o r  o p e r a t i o n a l  purposes  and was inc luded  i n  the  des ign  of the experiment.  
The square of t he  c o r r e l a t i o n  c o e f f i c i e n t s  showed t h a t  t h e  l i n e a r  model 
accounted f o r  more than  90% of t h e  v a r i a b i l i t y  i n  the  d a t a  excep t  f o r  bo th  
sexes combined f o r  TW3 on (3, where t h e  va lue  f e l l  t o  86.6%. 

During a meet ing of t he  Counci l ' s  p l a n  development team, i t  was sug- 
ges t ed  t h a t  a log-log r e l a t i o n s h i p  was more commonly used i n  such s i t u a t i o n s  
and might reduce t h e  i n t e r i s l a n d  v a r i a b i l i t y  i n  the  p re l imina ry  a l l o m e t r i c  
parameter e s t i m a t e s  t h a t  were p re sen ted  t o  them. T h i s  i s  equ iva len t  t o  
us ing  the  gene ra l i zed  a l l o m e t r i c  model l i n e a r i z e d  by t ak ing  loga r i thms  on 
bo th  s i d e s  of t he  equat ion.  R e s u l t s  from f i t t i n g  t h i s  l og - l inea r  model a re  
p re sen ted  i n  Table  1-111 and p l o t t e d  i n  F igu res  4-6. 
t h e  l o g  t ransformed v a r i a b l e s ,  which appear i n  t h e  "A" pane l s  of t h e  
f i g u r e s ,  appear  a l s o  t o  be l i n e a r  j u s t  a s  t h e  a r i t h m e t i c  p l o t s  i n  F igu res  1- 
3 did .  P l o t s  of t h e  d e v i a t i o n s  from the  f u n c t i o n a l  log-log r e g r e s s i o n s ,  
which appear  i n  the  "B" pane l s  of t h e  f i g u r e s ,  appea r  much the same a s  those  
f o r  t he  l i n e a r  r e l a t i o n s h i p s  and do not  show any obvious improvement. The 
square of t he  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  h ighe r  t han  those  f o r  t h e  l i n e a r  
models (Table  11, but  on ly  margina l ly  so. Note t h a t  t he  e s t i m a t e s  f o r  V i n  
t h e  log - l inea r  model (Table  1-111) d i f f e r  from those  f o r  t h e  l i n e a r  model 
(Table  1-11, and t h a t  i s  because they  were e s t ima ted  i n  d i f f e r e n t  parameter 
spaces.  The e s t i m a t e s  of  a v a r y  about u n i t y ,  e s p e c i a l l y  f o r  bo th  sexes  
combined, which l ends  credence t o  t h e  assumption i n  t h e  l i n e a r  model t h a t  a 
equa l s  one. Since the  l o g - l i n e a r  model does no t  seem t o  perform s i g n i f i -  
c a n t l y  b e t t e r  t han  the l i n e a r  model, t he  s impler ,  l i n e a r  model was chosen a s  
t h e  more s t a t i s t i c a l l y  appropr i a t e .  

The s c a t t e r  p l o t s  of 
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Using t h e  l i n e a r  model on da ta  c o l l e c t e d  on t h e  commercial v e s s e l ,  the  
e s t ima ted  minimum t a i l  w id th  (TW3) equ iva len t  t o  7.7 cm CL f o r  females  i s  
52.4 mm or 5 . 2  cm (Table  1-11, compared t o  a W 2  of 50.4 mm or 5.0 cm f o r  
the combined Necker and l a r o  measurements from t h e  Cromwell (Table  1-11]. 
The Iw2 s t a t i s t i c s  were those i n i t i a l l y  recommended by t h e  SWFC and pre- 
sented t o  the Council by the  SWR. The e s t ima ted  minimum TW3 f o r  male and 
female l o b s t e r  combined i s  5 1 . 1  mm or 5 . 1  cm, compared t o  a TW2 of 48.6 mm 
or 4.9 cm ( t h e  m i l l i m e t e r  f i g u r e  was rounded t o  4 .8  cm i n  the d i s c u s s i o n s  a t  
t h e  Council meeting when t h e  90-day t r i a l  s i z e  was agreed upon). The r e l a -  
t i o n s h i p  among the  t h r e e  l i n e a r  curves  f o r  TW3 on C1 i s  shown i n  F igure  7.  
Comparable e s t i m a t e s  us ing  t h e  log - l inea r  model (Table  1-111) d i f f e r  from 
those of t h e  l i n e a r  model by no more than  a t e n t h  of a mi l l ime te r ;  hence, 
any u n c e r t a i n t y  about t h e  c o r r e c t  model i s  most ly  academic r a t h e r  than  
p r a c t i c a l ,  a t  l e a s t  over the  s i z e  range i n  t h i s  study. 

R e s u l t s  from f i t t i n g  f u n c t i o n a l  r e g r e s s i o n s  t o  TW3 on CL f o r  t he  data  
c o l l e c t e d  by t h e  obse rve r s  by each of t h e  i s l a n d s ,  by v e s s e l ,  and by sex a r e  
presented  i n  Table  2.  Comparable da t a  f o r  Iw2 on QL f o r  Cromwell da ta  from 
Necker and Waro by sex a r e  p re sen ted  i n  Table  3. A l l  of t he  r e g r e s s i o n s  
f i t  the  da t a  w e l l  a t  l e a s t  from t h e  viewpoint  of c o r r e l a t i o n .  The h ighes t  
square of the  c o r r e l a t i o n  c o e f f i c i e n t  shows 98.5% of t h e  v a r i a t i o n  acconnted 
f o r  by t h e  r e g r e s s i o n  and t h e  lowes t  shows 81.3%. The 'lA" p a n e l s  of F igures  
8-11 show the  r e l a t i o n s h i p  between TW3 and CL, and the  'B" pane l s  show the 
r e s i d u a l s  from the  l i n e a r  f u n c t i o n a l  r eg res s ions .  The "A" pane l  p l o t s  
appear t o  be l i n e a r ,  a l though t h e r e  seems t o  be some h e t e r o s c e d a s t i c i t y  
p re sen t  a s  we l l  a s  a few o u t l i e r s  ( a s  no ted  above these  a l l  appear t o  be 
r eco rd ing  e r r o r s  where t a i l  w id ths  and CL's were reversed;  t h e s e  v a l u e s  were 
excluded from the  a n a l y s i s ) .  The "B" panel  p l o t s  of d e v i a t i o n s  from the  
r e g r e s s i o n s  show t h a t  the d e v i a t i o n s  a re  d i s t r i b u t e d  i n  r e l a t i v e l y  uniform 
bands about t h e  z e r o  l i n e ,  sugges t ing  t h a t  t he  d a t a  do not  d e v i a t e  s i g n i f i -  
c a n t l y  from t h e  l i n e a r  model. 

For each sex ca tegory  p l o t t e d  i n  F igu res  12-14, the  f u n c t i o n a l  regres- 
s i o n s  f o r  each i s l a n d  form a fami ly  of curves  w i t h  s i m i l a r  s l o p e s  and 
i n t e r c e p t s .  The curves  f o r  females  form a t i g h t e r ,  more c o n s i s t e n t  group 
than  do those  f o r  males and, a s  a consequence, f o r  bo th  sexes combined a s  
wel l .  The r e l a t i o n s h i p s  determined f o r  males  on P e a r l  and Bermes Reef and 
on R a i t a  Bank a r e  abe r ran t .  Also, t he  r e g r e s s i o n  l i n e s  f o r  the samples 
t aken  on t h e  Cromwell always f e l l  on t h e  lower s i d e  of t he  f ami ly  of curves,  
a s  would be expected, s i n c e  TWZ is measured along a narrower p a r t  of t he  
t a i l  t han  TW3. Only two of t he  samples came from t h e  same i s l a n d ,  namely 
from the  Cromwell and t h e  Alaska Gulf a t  Maro Reef.  Based on t h e s e  regres-  
s i o n  l i n e s  f o r  TW2 and TW3, r e s p e c t i v e l y ,  on CL, it would appear  t h a t  the  
e s t i m a t e s  of the  s lopes  d i f f e r  more so t han  the  i n t e r c e p t s .  Th i s  r e s u l t  was 
not expected. 

The ana lyses  of covariance f o r  t he  Necker and Maro samples c o l l e c t e d  on 
t h e  Cromwell a r e  shown i n  Tables  4A, 4B, and 4C f o r  females,  males,  and both  
sexes combined. The s l o p e s  of t h e  r e l a t i o n s h i p s  a r e  not d i f f e r e n t ,  except 
f o r  some i n d i c a t i o n  f o r  bo th  sexes combined, whereas  the  a d j u s t e d  means a re  
s t a t i s t i c a l l y  d i f f e r e n t .  The v a r i a n c e s  a r e  homogeneous f o r  females  and both 
sexes combined, bu t  not  f o r  males;  a n  e x p l a n a t i o n  f o r  t h i s  i n  n o t  apparent .  
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These r e s u l t s  suggest t h a t  t he  r e l a t i v e  growth of TW2 and CL i s  t h e  same on 
the  two i s l a n d s ,  b u t  t h a t  t he  i n i t i a l  s i z e  of the  t a i l  width r e l a t i v e  t o  CL 
i s  l a r g e r  on Maro. 

The ana lyses  of covariance f o r  t he  two h r o  Reef samples (from the  
Cromwell us ing  TW2 and t h e  Alaska Gulf u s ing  TW3) i n d i c a t e  t h a t  t h e  s lopes  
a r e  not  d i f f e r e n t  f o r  females,  bo th  sexes combined, and males. b u t  t h a t  t he  
a d j u s t e d  means a re  s t a t i s t i c a l l y  d i f f e r e n t  (Tab le s  5A, 5B, and 5 C ) .  This  
r e s u l t  c o n f l i c t s  w i t h  t h a t  suggested above based on t h e  95% confidence 
i n t e r v a l  p l o t s  i n  F igures  12-14. The v a r i a n c e s  a r e  heterogeneous a s  would 
be expected s i n c e  d i f f e r e n t  measurement s i t e s  were used. Thus, r e s u l t s  from 
the  a n a l y s i s  of covariance i n d i c a t e  t h a t  s t a t i s t i c a l l y  t h e  r e l a t i o n s h i p s  f o r  
t h e  Cromwell (TW2) and t h e  Alaska Gulf (TW3) samples a r e  not  t he  same 
because of d i f f e r i n g  i n t e r c e p t s  and va r i ances .  I n t u i t i o n  l e a d s  t o  the  same 
conclusion.  

Turning t o  a n  examinat ion of a l l  t h e  i s l and-vesse l  da t a  c o l l e c t e d  on 
commercial v e s s e l s .  t h e r e  i s  he t e rogene i ty  of v a r i a n c e  f o r  females ,  both 
sexes. and males  (Tables  6A, 6B, and 6C). The measurements c o l l e c t e d  a t  
Maro Reef on t h e  Alaska Gulf had t h e  l a r g e s t  v a r i a n c e ,  and it might be noted 
t h a t  the  va r i ance  f o r  t h e  Cromwell data  was n e a r l y  a s  l a r g e  ( see  Tables  5A, 
5B, and 5C). The s m a l l e s t  va r i ance  by a f a c t o r  of around f i v e  was found f o r  
t he  sample from Rai ta  Bank. With he t e rogene i ty  of va r i ance ,  it i s  not  
t e c h n i c a l l y  ( s t a t i s t i c a l l y )  c o r r e c t  t o  cont inue  w i t h  a n  a n a l y s i s  of c o v a r  
iance;  however, i f  continued, t he  l e v e l s  of s i g n i f i c a n c e  a r e  probably much 
lower than  ind ica t ed .  

Tbe a n a l y s i s  of covariance i n d i c a t e s  t h a t  t h e  s l o p e s  of t h e  f u n c t i o n a l  
r e g r e s s i o n s  among i s l a n d s  a r e  s t a t i s t i c a l l y  d i f f e r e n t  f o r  females,  bo th  
sexes  combined, and males. However, s ince  t h e  "F" v a l u e s  a r e  3 .53 ,  8 .90,  
and 5.79,  r e s p e c t i v e l y ,  t h e r e  i s  a chance t h a t  t h e s e  l e v e l s  a r e  no t  i n  f a c t  
s i g n i f i c a n t  due t o  t h e  h e t e r o g e n e i t y  of v a r i a n c e  among t h e  samples. The 
a d j u s t e d  means a r e  a l s o  s t a t i s t i c a l l y  s i g n i f i c a n t ,  and s ince  the "F" v a l u e s  
a r e  l a r g e r  (39 .96 ,  15.82,  and 21.291, it i s  l i k e l y  t h a t  these  a r e  s i g n i f i -  
can t  even given t h e  he t e rogene i ty  of va r i ance .  

Although t h e r e  a r e  obvious s t a t i s t i c a l  problems i n  i n t e r p r e t i n g  these  
r e s u l t s  because of he t e rogene i ty  of va r i ance ,  i t  would seem t h a t  the  s lope 
of the  r e l a t i o n s h i p  between TW3 and CL i s  t h e  same or n e a r l y  so among t h e  
i s l a n d s  sampled, whereas the  i n t e r c e p t s  a r e  no t  t h e  same. I n  o t h e r  words, 
t h e r e  seems t o  be a fami ly  of curves  r e p r e s e n t i n g  each i s l a n d  t h a t  h a s  t h e  
same s lope ,  b u t  a d i f f e r e n t  s t a r t i n g  p o i n t  r e l a t i v e  t o  the  h o r i z o n t a l  or x- 
a x i s .  Whereas t h e  p ropor t iona l  growth of nV3 and CL seems t o  be t h e  same. 
t h e  l o b s t e r s  on some i s l a n d s  s t a r t  o u t  having  p r o p o r t i o n a l l y  sma l l e r  t a i l s .  

Based on a sugges t ion  made a t  a Council p l a n  development team meeting, 
95% confidence i n t e r v a l s  about  t h e  l i n e a r  f u n c t i o n a l  r e g r e s s i o n  l i n e s  have 
been c a l c u l a t e d  f o r  sex c a t e g o r i e s  w i t h  t h e  da t a  pooled a c r o s s  a l l  i s l a n d s  
sampled by the obse rve r s  and f o r  each i s l a n d  us ing  only  female da ta .  The 
r e l a t i o n s h i p s  were p l o t t e d  only  f o r  t h e  c e n t r a l  p a r t  of t he  d i s t r i b u t i o n ,  
namely from 65 t o  85 mm CL. For t h e  r e l a t i o n s h i p s  among the sexes (Fig.  
151,  the  f u n c t i o n a l  r e g r e s s i o n  l i n e s  l i e  c l o s e  t o g e t h e r  and each of t he  
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r e g r e s s i o n  l i n e s  f a l l s  w i t h i n  t h e  95% confidence i n t e r v a l  of the  o t h e r  two 
r e l a t i o n s h i p s .  For the  i s l a n d  r e l a t i o n s h i p s  (F ig .  161, t he  r e g r e s s i o n  l i n e s  
a g a i n  f a l l  c lose  toge ther .  Also, each of t h e  r e g r e s s i o n  l i n e s  a l s o  f a l l s  
w i t h i n  t h e  95% confidence i n t e r v a l  of any of the  o t h e r  r e l a t i o n s h i p s .  These 
r e s u l t s  could be i n t e r p r e t e d  t o  mean t h a t  i n  p r a c t i c a l  terms t h e  e s t i m a t e s  
w i t h i n  the  s i z e  range of i n t e r e s t  would not  d i f f e r  s u f f i c i e n t l y  t o  warran t  
s epa ra t e  r e l a t i o n s h i p s  by sex or by i s l and .  

During t h e  dmergency r e g u l a t i o n  pe r iod  i n  1985, the  SWR enforcement 
o f f i c e r s  were enforc ing  t h e  Iw2 of 4 . 8  cm a s  a TW3 measurement. Since t h e  
TW3 measurement was used, t he  equ iva len t  s i z e  t o  be enforced  should have 
been 5.1 cm. 

A t  t he  5 0 t h  Council meeting h e l d  i n  Kailua-Kona, Hawaii i n  August 1985, 
the  Council vo ted  t o  adopt  a TW3 of  4 . 8  cm a s  t h e  minimum s i z e  f o r  l e g a l  
l o b s t e r s  i n  t h e  NWHI f i s h e r y .  Th i s  s i z e  i s  e q u i v a l e n t  t o  7 . 0  cm CL f o r  
females  or 7 . 2  cm CL f o r  both sexes  combined. Th i s  was inc luded  i n  amend- 
ment 3 t o  t h e  FMP t h a t  was subsequent ly  submit ted t o  t h e  Department of 
Commerce f o r  approval .  That amendment was p a r t i a l l y  disapproved r e s u l  t i n g  
i n  1[w3 be ing  accepted  a s  t h e  new measurement s i t e ,  bu t  a t  a 5 . 0  cm minimum 
s ize .  Thus s i n c e  a minimum s i z e  f o r  management was f i r s t  d i scussed ,  t he  
s i z e  has  gone from 8.25 cm t o  7.7 cm CL,, t hen  t empora r i ly  t o  7 . 1  cm CL ( a  
TW3 of 4 . 8  cm) and f i n a l l y  t o  7 . 5  cm CL ( a  TW3 of  5 . 0  cm). 

Data t o  determine t h e  r e l a t i o n s h i p  between t a i l  wid th  and carapace 
l eng th  were c o l l e c t e d  o n  t h e  NOAA s h i p  Townsend Cromwell and by SWFC obser- 
v e r s  on two commercial v e s s e l s .  The r e l a t i o n s h i p  between TW3 and CL f o r  
males, females, and both sexes combined, was determined us ing  a l i n e a r  
a l l o m e t r i c  model and was f i t t e d  us ing  a f u n c t i o n a l  r eg res s ion .  The TW3 s i z e  
equ iva len t  t o  t h e  o r i g i n a l  l e g a l  minimum s i z e ,  7 . 7  cm Ce, was e s t ima ted  t o  
be  5.2, 5.0, and 5.1 cm for females ,  males,  and bo th  sexes combined, respec- 
t i v e l y .  The v a l i d i t y  of t he  simple l i n e a r  model was i n v e s t i g a t e d  a s  was 
t h a t  of t h e  log - l inea r  model. 

In add i t ion ,  t he  r e l a t i o n s h i p  between W3 and CL among t h e  d i f f e r e n t  
i s l a n d  a rea  sampled was i n v e s t i g a t e d .  Although t h e r e  were problems w i t h  
he t e rogene i ty  of v a r i a n c e s  among t h e  samples, it appears  t h a t  t h e  s lope  of 
t h e  r e l a t i o n s h i p  (V) i s  the  same o r  nea r ly  so among the  i s l a n d s  whereas  the  
i n t e r c e p t s  (IJ) a r e  d i f f e r e n t .  Thus, it appears  t h a t  t he  r e l a t i v e  growth of 
IM and CL i s  about  the same on t h e  v a r i o u s  i s l a n d s ,  b u t  l o b s t e r s  on some 
i s l a n d s  s t a r t  out  w i t h  r e l a t i v e l y  narrower t a i l s  t h a n  on o t h e r  i s l a n d s .  
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Table 1.--Functional r e g r e s s i o n  estimates of TW on CL f o r  sp iny  
l o b s t e r  by d i f f e r e n t  i s l a n d  and v e s s e l  combinations.  

I. TW3 on CL f o r  Gardner P innac les ,  Raita Bank, Mar0 Reef, and Pearl 
and Hermes Reef; Alaska Gulf and Kona K a i  - 

I n t e r c e p t  Slope 

Sex U v r N TGIJ377 
2 

Female 3.4028 0.6361 0.927 73 4 52.4 
Mal e 8.1324 0,5404 0.905 6 19 49.7 
Both 5.6238 0,5910 0,866 1,354 51.1 

11. TW2 on CL f o r  Necker and Mar0 Reef; Townsend Cromwell 

I n t e r c e p t  Slope 

r N TGIJ27 7 
2 Sex U v 

Female 4.8789 0.5917 0.954 348 50.4 
Mal e 9.3766 0.4955 0,945 5 00 47.6 
Both 8.7449 0.5185 0,906 849 48.7 

111. Ln 'IW3 on I n  CL f o r  Gardner P innac les ,  Raita Bank, Mar0 Reef, and 
Pearl and Hermes Reef; Alaska Gulf and Kona K a i  

C o e f f i c i e n t  C o e f f i c i e n t  

r N TW377 
2 Sex v d 

Female 0.9065 0.9341 0.935 734 52.4 
Mal e 0.8505 1.2383 0,917 619 49.8 
Both 0.8981 1.0345 0.885 1,354 51.2 
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Table 2.--Functional r eg res s ion  estimates f o r  TW3 on CL of spiny l o b s t e r ,  
by sex, i s l a n d ,  and vessel. 

Sex I s l a n d  
I n t e r c e p t  Slope 

m 3 7 7  
2 Vessel U v r 

Fernal e 
Female 
Female 
Female 

Male 
Mal e 
Male 
Male 

Pearl and H e r m e s  Reef 
R a i t a  Bank 
Mar0 Reef 
Gardner P innac les  . 

Pear l  and H e r m e s  Reef 
Raita Bank 
Mar0 Reef 
Gardner Pinnacles  

Kona Kai 
Kona K a i  
Alaska G. 

-- 
-- 
Kona Ka? -- 
Kona K a i  
Kona K a i  
Alaska G. 
Kona Ka? 

-- 
-- 

4.1554 
2.3200 
5 a 4941 
4.3626 

I. 7950 
5.8170 

10.9990 
7.5785 

0,6224 0.952 217 52.1 
0.6473 0.985 115 52.7 
0.6236 0.919 248 53.5 
0.6129 0.888 154  51.6 

0.6073 0.902 135 48.6 
0.5724 0.963 111 49.9 
0.5141 0.909 280 50.6 
0.5325 0.892 93 48.6 

Both Pearl and H e r m e s  Reef Kona K a i  3.5846 0.6124 0.857 352 50.7 
Kona K a i  2.5751 0.6274 0.938 226 50.9 Both Raita Bank 

Both Mar0 Reef Alaska G. -8.4007 0.5649 0.861 528 51 .9  
Kona K a i  3.7013 0.6048 0.813 248 50.3 Both Gardner P innac les  

-- 
-- 
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Table 3.--Parameters f o r  func t iona l  r eg res s ion  of TW2 on CL f o r  spiny 
l o b s t e r ,  by i s l and :  d a t a  c o l l e c t e d  on t h e  Townsend Cromwell, TC-84-06. 

I n t e r c e p t  Slope 

Tw277 
2 Sex I s l and  u v r 

Female Mar0 4.9375 0.5925 0.966 221 50.6 
Female Necker 4.5761 0.5892 0.912 127 49.9 

Mal e Mar0 11.3663 0.4831 0.964 243 48.6 
Mal e Necker 7.3781 0.5113 0.923 257 46.8 

Both Maro 9.2026 0.5236 0.921 464 49.5 
Both Necker 8.2861 0.5100 0.881 385 47.6 
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Table 4A.--Analysis of covariance of funct ional  regression of Tw2 on 5 f o r  female spiny 
l o b s t e r  using Townsend Gromwell samples from Necker and Mar0 (df2 = d f l  - 1). 

Deviations from regression 

Functional 2 
regress ion  cy2 - Mean 

Line dfl Ex2 cxy c y 2  c o e f f i c i e n t  df2 CX2 square 

Necker, TC-84-06 126 12,030 6,770 4,176 0.5892 125 366 2.9280 
Maro. TC-84-06 220 40.404 23,531 14,183 0.5925 219 47 9 2.1872 -- 344 845 2.4564 Within -- -- -- -- 

1 3 3.0 Regression c o e f f i c i e n t  -- -- -- -- -- 
Common 346 52.434 30,301 18.359 0.5917 3 45 848 2.4591 
Adjusted means -- -- - -- -- 1 2,823 2.823.0 
Total 347 60,528 32,130 20.727 -- 346 3.671 -- 

F1, 344 f o r  regression c o e f f i c i e n t  = 3.0/2.4564 = 1.22 NS. 

F1, 345 for adjusted means = 2.823.0/2.4591 = 1.147.98 **. 

B a r t l e t t ' s  test f o r  homogeneity of var iance  

I n  s2 df - I n  s2 Sample c 2 df s2 

Necker 366 125 2.9280 1.0743 134.2899 
Maro 47 9 219 2.1872 0.7826 171 -3957 

a = 2  8 45 344 -- -- 305.6857 

S2 = 845/344 = 2.4564: I n  2' = 0.8987: df * In S2 = 309.1511. 

X2 = 2.3026 (309.1511 - 305.5924) = 3.4654 NS. 
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Table 4B.--Analysis of covariance of func t iona l  regress ion  of 'IW2 on CL f o r  male and female 
spiny l o b s t e r  from Townsend Cromwell samples. f o r  Necker and Maro (df2 = d f l  - 1) .  

Deviat ions from regression 

Funct ional  2 
regress ion  cy2 - Mean 

Line d f l  Ex2 Cxy cy2 c o e f f i c i e n t  df2 19 square 

Necker. TC-84-06 384 66,088 31.629 17.189 0.5100 3 83 2,052 5.3577 
Maro. TC-84-06 463 107.512 54.027 29,474 0.5236 462 2,324 5.0303 
Within _- -- -- -- -- 845 4,376 5.1787 
Regression c o e f f i c i e n t  -- -- -- -- -- 1 23 23.0 
Common a47 173.600 85.656 46,663 0.5185 846 4.399 5.2003 
Adjusted means -- -- -- -- -- 1 931 931.0 
Total  a48 211.159 110.710 63.375 -- a47 5,330 -- 

F1, 845 f o r  regress ion  c o e f f i c i e n t  = 23.0/5.1787 = 4.44 *. 
F1, 846 for adjusted means = 931.0/5.2003 = 179.03 **. 

Bart le t t ' s  test for  homogeneity of var iance  

Sample Ex2 df 62 I n  s2 df In  s2 

Necker 2,052 3 a3 5.3577 1.6785 642. a7 90 
Maro 2,324 462 5.0303 1.6155 746.3 5 19 

a = 2  4.376 8 45 -- -- 1,389.2309 

Z2 = 4376f845 = 5.1787; I n  Z2 = 1.6446: df - I n  Z2 = 1389.6479. 

x 2  = 2.3026 (1.389.6479 - 1,3a9.2309) = 0.9603 NS. 
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Table 4C.--Analysis of covariance of func t iona l  regress ion  of TW2 on CL f o r  m a l e  spiny 
l o b s t e r  using Townsend Cromwell samples from Necker and Mar0 (df2 = d f l  - 1) .  

Deviations from regress ion  

Funct ional  2 
regress ion  cy2 - Mean 

Line d f l  Cx2 Ixy cy2 c o e f f i c i e n t  df2 2x2 square 

I Necker. TC-84-06 256 49,397 24.262 12.913 0.5113 255 996 3.9059 

-- -- -- 496 1,542 3.1089 
Maro. TC-84-06 242 65,147 30,903 15.205 0.4831 241 5 46 2.2656 
Within -- -- 
Regression c o e f f i c i e n t  -- -- -- -- 
Common 498 114,544 55,165 28.118 0.4955 497 1,550 3.1192 
Adjusted means -- -- -- 
Total  499 135,758 68,428 36,410 -- 

-- 1 8 8.0 

-- -- 1 369 369.0 -- 498 1,919 

F ~ ,  496 f o r  regress ion  c o e f f i c i e n t  = 8.0/3.1089 = 2.57 NS. 

F1, 497 f o r  adjusted means = 369.0/3.1192 = 118.30-**. 

B a r t l e t t ' s  t e s t  f o r  homogeneity of var iance  

Sample df ln s2 df - In  s2 

Necker 996 25 5 3.9059 1.3625 347.4333 
Mar0 5 46 2 41 2.2656 0.8178 197.0951 

~ 

a = 2  1,542 496 

E2 = 1,542/496 = 3.1089; I n  E2 = 1.1343; df - I n  Z2 = 562.5928. 

X2 = 2.3026 (562.5928 - 544.5285) = 41.5949 **. 
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Table 5A.--Analysis of covariance of func t iona l  regression of lW2 and TW3 on CL f o r  female 
l o b s t e r  da ta  on Mar0 (df2  = df l  - 1). 

Deviations from regress ion  

Funct ional  2 
regress ion  cy2 - (c,) Mean 

Line d f l  Ex2 C x y  cy2  c o e f f i c i e n t  df2  ~ x 2  square 

2.1872 TC-84-06 220 40,404 23.531 14.183 0.5925 219 47 9 -- Alaska Gulf 247 57.030 34.101 22,177 0.6236 246 1.786 7.2616 
Within -- -- -- -- -- 465 2.265 4.8710 

1 5 5.0 Regression c o e f f i c i e n t  -- -- -- -- -- 
Common 467 97.434 57,632 36.360 0.6109 466 2.270 4.8730 
Adjusted means -- -- -- -- -- 1 1.235 1.235.0 
Total  468 97,907 58.680 38.675 -- 467 3,505 -- 

F1, 465 f o r  regression c o e f f i c i e n t  = 5.0f4.9290 = 1.026 NS. 

PI, 466 for  adjusted means = 1.235f4.8730 = 253.44 **. 

B a r t l e t t ' s  t e s t  f o r  homogeneity of var iance  

Sample EX2 df S2 I n  s2 df * I n  s2 

TC-84-06 47 9 21 9 2.1872 0.7826 171.3957 
-- Alaska Gulf 1.786 2 46 7.2602 1.9824 487.6709 

-- 659.0667 a =  2 2.265 465 -_ 

Z2 = 2.265f465 = 4.8710; I n  Z2 = 1.5833; df * I n  E2 = 736.2311. 

x2 = 2.3026 (736.2311 - 659.0667) = 177.6788 **. 
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Table 5B.--Analysis of covariance of func t iona l  regression of lW2 and lW3 on CL f o r  male and 
female da ta  combined a t  Mar0 (df2 = d f l  - 1). 

d f 1 Line Ex2 

Funct ional  
regress ion  

~ x y  cy2 c o e f f i c i e n t  

Deviations from regression 

2 
cy2 - 0 Mean 

df2 1x2 square 

TC- 84-06 463 
Alaska Gulf 527 
Within -- 
Regression c o e f f i c i e n t  -- 
Common 990 
Adjusted means -- 
Total  9 91 

-- 
107.512 
144.353 

-- 
251, a65 -- 
25 2.17 6 

54.027 29.473 0.5236 
75,656 46.071 0.5644 

462 2.324 5.0303 
526 6.419 12.2034 

a. a492 988 8.743 
1 28 28.0 

989 8.771 a .  a690 
1 2.004 2,004.0 

990 10.775 -- 

F1, 

F1, 989 f o r  adjusted means = 2.004/8.8690 = 225.96 **. 
f o r  regression c o e f f i c i e n t  = 28/8.8492 = 3.16 NS. 

Bart le t t ' s  test f o r  homogeneity of var iance  

Sample CX df 2 I n  s2 df - I n  s2 2 

TC-84-06 2.324 46 2 5.0303 1.6155 7 46.35 19 
Alaska Gulf 6,419 527 12.2034 2.5017 1.3 15 .go28 -- 

a = 2  8.743 gas  -- -- 2,06 2.25 47 

~2 = a,743/9aa = 8.8492; I n  52 = 2.1803; df I n  ~2 = 2,154.1620. 

X2 = 2.3026 (2,154.1620 - 2.062.2547) = 211.6259 **. 
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Table 5C.--Analysis of covariance of func t iona l  regression of TW2 and TW3 on CL f o r  males a t  
Mar0 Reef (df2 = d f l  - 1). 

Deviations from regression 

Functional 2 
r egr ess ion  cy2 - tCxy) Mean 

Line dfl Ex2 cxy Cy2 c o e f f i c i e n t  df2 square 

TC-84-06 242 65.147 30.903 15,205 0.4831 241 546 2.2656 
Alaska Gulf 279 86.575 42.424 22.882 0.5141 278 2.093 7.5293 
Within -- -- -- -- -- 519 2.639 5.0848 

Common 521 151,722 73.327 38,087 0.5010 520 2.648 5.0927 
Adjusted means 

-- 
-- 1 9 9.0 

1 746 746.0 

Regression coef f ic ien t  -- -- -- -- 

Tota l  522 151,733 73,421 38.921 -- 521 3.394 -- 
-- -- -- -- -- 

F1, 519 f o r  regression coef f ic ien t  9/5.0848 = 1.77 NS. 

F1, 520 f o r  adjusted means 746/5.0927 = 146.48 **. 

B a r t l e t t ’ s  test f o r  homogeneity of var iance  

Sample cx2 df S 2  I n  s2 df * I n  s2 

TC-84-06 5 46 241 2.2656 0.8178 197.0951 
-- Alaska Gulf 2.093 27 8 7.5288 2.0187 561.2077 

75 8.3028 -- -- a = 2  2.639 5 19 

- 
s2 = 2.639/519 = 5.0848; I n  2’ = 1.6263; df ’ I n  2’ = 844.0245. 

X2 = 2.3026 (844.0245 - 758.3028) = 197.3828 **. 
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Table 6A.--Analysis of covariance of funct ional  regression of TW3 on CL f o r  female spiny 
l o b s t e r  data  co l lec ted  on commercial v e s s e l s  (df2 = dfl  - 1). 

Deviations from regression 

Functional 2 
regression Cy2 - Mean 

Line d f l  cx2 cxy cy2 c o e f f i c i e n t  df2 2x2 square 

Gardner -- Kona Kai 153 13,430 7,755 5.045 0.6129 152 567 3.7303 
Rai ta  -- Kona K a i  114 20,473 13,155 8.579 0.6473 113 126 1.1150 
Maro Alaska 5 247 57.030 34,101 22.177 0.6236 246 1,786 7.2602 
Pearl and Kona Kai 

Hemes Reef 216 21.781 13.227 8,436 0.6224 215 404 1.8791 

Within -- -- -- -- -- 726 2.883 3.9711 
Regression coef f ic ien t  -- -- -- -- -- 3 42 14.0000 
Common 730 112,714 68.238 44,237 0.6265 729 2.925 4.0125 

-- -- -- -- 3 481 160.3333 Adjusted means -- 
Total  733 115.446 70.707 46.712 -- 732 3.406 -- 

F3, 726 f o r  regression c o e f f i c i e n t  = 14/3.9711 = 3.53 *. 
F3, 729 for  adjusted means = 160.3333/4.0125 = 39.96 **. 

B a r t l e t t ' s  test f o r  homogeneity of var iance 

Sample ZX2 df I n  s2 df ' I n  s2 

Gardner 567 152 3.7303 1.3165 200.1048 
Raita 126 113 1.1150 0.1089 12.3 050 
Mar0 1.786 2 46 7,2602 1.9824 487.6709 
Pearl and 

Hemes Reef 404 2 15 1.8791 0.6308 13 5.617 0 

a = 4  2.883 7 26 -- -- 835.6978 

Z2 = 2,883/726 = 3.9711; I n  E2 = 1.3790: df 

X2 = 2.3026 (1.001.1806 - 835.6978) = 381.0408 **. 
I n  Z2 = 1.001.1806. 
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Table 6B.--Analysis of covariance of funct ional  regression of 'IW3 on CL f o r  male and female 
spiny l o b s t e r  from on commercial v e s s e l s  (df2  = d f l  - 1). 

Deviations from regression 

Functional 2 
regression cy2 - Mean 

Line dfl Ex2 E x y  Cy2 c o e f f i c i e n t  df2 Zx2 square 

2 46 1.692 6.8780 Gardner 
224 844 3.7679 Raita  

Mar0 Alaska 2 527 144.353 75,656 46.071 0.5649 526 6,419 12.2034 
Pearl  and Kona K a i  

Hermes Reef 351 35,134 19,919 13,177 0.6124 350 1.884 5.3830 

Kona Kai 247 24.701 13.468 9.035 0.6048 
Kona K a i  225 34.438 20.924 13,557 0.6274 
-- 
-- 

-- -- -- -- 1,346 10,839 8.0527 Within -- 
-- -L 3 215 71.6667 Regression c o e f f i c i e n t  -- -- -- 

Common 1.350 238.626 129,967 81,840 0.5856 1.349 11,054 8.1941 -- -- 3 389 129.6667 Adjusted means -- -- -- 
T o t  a1 1.353 243.707 133.997 85,118 -- 1,352 11.443 -- 

F3, 1346 f o r  regression coef f ic ien t  = 71.6667/8.0527 = 8.90 **. 
F3, 1349 f o r  adjusted means = 129.6667/8.1941 = 15.82 **. 

Sample 

Bartlett's test f o r  homogeneity of var iance . 

df S2 

Gardner 1,692 246 6.8780 1.9283 474.3704 
Raita  844 2 24 3.7679 1.3265 297 .I374 
Maro 6,419 5 26 12.2034 2.5017 1,315.9028 
Pearl and 

Hermes Reef 1.884 350 5.3829 1.6832 5 89.1 268 

a = 4  10,839 1.346 -- -- 2.676.5374 

- s2 = 10.839/1.346 = 8.0527; I n  Z2 = 2.0860: d f  I n  S2 = 2.807.7742 

x2 = 2.3026 (2.807.7742 - 2,676.5374) = 302.1857 **. 
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Table 6C.--Analysis of covariance of func t iona l  regress ion  of 1w3 on GL for  male spiny 
l o b s t e r  on commercial v e s s e l s  (df2 = d f l  - 1).  

Deviations from regression 

Funct ional  2 
regress ion  cy2  - &d. Mean 

Line d f l  Cx2 Cxy cy2 c o e f f i c i e n t  df2 Ex2 square 

Gardner -- Kona K a i  92 11,254 5,659 3,191 0.5325 91 345 3.9712 
Rai ta  -- Kona Kai 110 13.953 7.839 4.572 0.5724 109 168 1.5413 
Mar o Alaska G 279 86.576 42.424 22.882 0.5141 278 2.093 7.5388 
Pearl  and Kona K a i  

Hermes Reef 134 12,351 7.122 4.555 0.6073 133 488 3.6692 

Within -- -- -- -- -- 611 3.094 5.0638 
Regression c o e f f i c i e n t  -- -- -- -- 

Total  618 126.383 64.964 36,906 -- 617 3.513 -- 

-- 3 88 29.3333 
Common 615 124.134 63.044 35,200 0.5325 614 3.182 5.1821 
Adjusted means -- -- -- -- -- 3 331 110.3333 

F3, 611 f o r  regress ion  c o e f f i c i e n t  = 29.3333/5.0638 = 5.79 **. 
F3, 614 f o r  adjusted means = 110.3333/5.1821 = 21.29 **. 

B a r t l e t t ' s  t e s t  f o r  homogeneity of var iance  

Sample cx  df S2 In s2 df - I n  s2 
2 

Gardner 345 91 3.7912 1.3327 121.2743 
Raita 168 109 1.5413 0.4326 47.1552 
Mar0 2.093 27 8 7.5288 2.0187 56 1.2 07 7 
Pearl  and 

1.3000 172.8955 Hermes Reef 488 133 3.6692 

E2 = 3.094/611 = 5.0638; I n  S2 = 1.6221: df * I n  Z2 = 991.1172. 

x2 = 2.3026 (991.1172 - 902.5327) = 203.9748 **, 
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Figure 1.--Linear a l l o m e t r i c  model f o r  female sp iny  l o b s t e r  fram both 
commercial v e s s e l s  and a l l  i s l a n d s .  A )  
The c i r c l e d  da t a  a r e  o u t l i e r s ,  and t h e  s o l i d  l i n e s  i n d i c a t e  equ iva len t  
minimum l e g a l  s i zes .  N = 740. B) Devia t ions  from t h e  l i n e a r  f u n c t i o n a l  
r eg res s ion .  

S c a t t e r  p l o t  of TW3 v e r s u s  CL. 
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Figure 2.--Linear a l l o m e t r i c  model for male sp iny  l o b s t e r  from bo th  
commercial v e s s e l s  and a l l  i s l a n d s .  
The circl’ed datum i s  an o u t l i e r ,  and t h e  s o l i d  l i n e s  i n d i c a t e  equ iva len t  
minimum l e g a l  s i z e s .  B) Devia t ions  from t h e  l i n e a r  f u n c t i o n a l  
regress ion .  

A)  S c a t t e r  p l o t  of TW3 v e r s u s  CL. 

N = 620. 
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Figure  3 .--Linear a l l o m e t r i c  model for male and female l o b s t e r  combined 
from both  commercial v e s s e l s  and a l l  i s l a n d s .  
v e r s u s  CL. The c i r c l e d  da t a  a r e  o u t l i e r s ,  and t h e  s o l i d  l i n e s  i n d i c a t e  
equ iva len t  minimum l e g a l  s i zes .  N = 1,354. B) Devia t ions  from t h e  
l i n e a r  f u n c t i o n a l  regress ion .  

A )  S c a t t e r  p l o t  of TW3 
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Figure  4.--Log-linear a l l o m e t r i c  model for female spiny l o b s t e r  from 
bo th  commercial v e s s e l s  and a l l  i s l a n d s .  A )  S c a t t e r  p l o t  of I n  TW3 
v e r s u s  I n  CL. The c i r c l e d  da t a  a r e  o u t l i e r s .  N = 740. €3) Devia t ions  
from t h e  log - l inea r  f u n c t i o n a l  r e g r e s s i o n .  
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Figure  6 .--Log-linear a l l o m e t r i c  model f o r  male and female spiny l o b s t e r  
from both commercial v e s s e l s  and a l l  i s l a n d s .  A )  S c a t t e r  p l o t  o f  I n  TW3 
ver sus  I n  CL. 
from the  log - l inea r  f u n c t i o n a l  r eg res s ion .  

The c i r c l e d  d a t a  a r e  o u t l i e r s ,  N = 1,354.  B) Devia t ions  
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Es t imated  TW3 v a l u e s  t h a t  a r e  equiva len t  
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Figure  8.--Fenale spiny l o b s t e r  a t  Gardner P innac les .  
TW3 and CL. The c i r c l e d  da t a  p o i n t  i n d i c a t e s  an o u t l i e r ,  and the  s o l i d  
l i n e s  i n d i c a t e  equ iva len t  minimum l e g a l  s i zes .  B. Deviat ions from t he  
l i n e a r  f u n c t i o n a l  r eg res s ion .  
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l e g a l  s i z e s .  B. Devia t ions  from t h e  l i n e a r  f u n c t i o n a l  
r eg res s ion .  

The c i r c l e d  d a t a  p o i n t s  i n d i c a t e  

72.5 '11 

Carapace Length 

2.5 

-a 

0 .. 
0 .  0 .. . . . .  n o  ..... . .  .--".I -. ...- ... . *.--  - . n..... .I- . . .  ." . .". I .. . . I . . . . . . .  . .... ... .- . . . .  

. .  ..... a. .. ---. 
0.0. 

n e .  0 0  . 

Figure  10.--Female sp iny  l o b s t e r  a t  P e a r l  
Reef. A. S c a t t e r  p l o t  of W3 and CL. The s o l i d  l i n e s  
i n d i c a t e  equ iva len t  minimum l e g a l  s i z e s .  B. Devia t ions  
from the  l i n e a r  f u n c t i o n a l  r eg res s ion .  

and Hermes 
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Figure 11.--Female spiny l o b s t e r  a t  Rai ta  Bank. 
S c a t t e r  p l o t  of TR'3 and CL. 
equivalent  minimum l e g a l  s i z e s .  B. Deviat ions  from the  
1 inear  f u n c t i o n a l  r e  gre s sion.  

A. 
The s o l i d  l i n e s  represent  
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Figure 12.--Functional r e g r e s s i o n  of T l Y  on CL 
for female spiny l o b s t e r ,  by i s l a n d .  
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Figure 13.--Fanctional regression of TW on 
CL f o r  male spiny lobster, by island. 
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Figure 14.--Fanctional regression of IW on CL 
for spiny lobster with both sexes combined, by 
island. 
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Figure  15.--Relationship between TW3 and CL by sex  for 
a l l  i s l a n d s  sampled by obse rve r s  and t h e  95% confidence 
i n t e r v a l  about t h e  f u n c t i o n a l  r e g r e s s i o n  l i n e .  The 
h o r i z o n t a l  and v e r t i c a l  l i n e s  show e s t i m a t e s  of TW3 and 
CL f o r  s i z e s  proposed f o r  enforcement purposes.  
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Figure  16.--Relationship between TW3 and CL f o r  female 
sp iny  l o b s t e r  by a rea  sampled by obse rve r s  and t h e  95% 
confidence i n t e r v a l  about  t he  f u n c t i o n a l  r e g r e s s i o n  
l i n e .  The h o r i z o n t a l  and v e r t i c a l  l i n e s  show es t ima tes  
of TW3 f o r  77 mm CL based on a r e g r e s s i o n  pooled o v e r  
a l l  i s l ands .  




